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Abstract
Purpose: To document the timing of anterior cruciate ligament (ACL) inju-
ries according to match minute and effective minutes played during football
matches, considering player position, substitutions, contact mechanism,
possession status and situational pattern.
Methods: This was a subsequent analysis of previously published video
analysis studies of ACL injuries in professional men's football. Only those
injuries with videos in which the exact moment of the injury could be deter-
mined were included. For each video, we were concerned with the phase of
the game when the ACL injury occurred (match minute) and the number
of minutes played by the ACL injured player, correcting for substitutions. To
allow for comparison of injury distribution across categories, frequency was
reported as percentage observations in each respective time window
(15min). The relative risk (RR) of sustaining an ACL injury in the different
15‐min periods was computed. Significance testing (one‐way analysis of
variance or independent t‐test) and regression analysis were performed to
determine differences in timing for the categories.
Results: Injury timing data were reported for 369 ACL injuries. More injuries
occurred during the first (n = 216, 59%) than second (n = 153, 41%) half
(p < 0.01). When considering the minutes played, 87 (24%), 167 (46%) and
246 (67%) ACL injuries occurred in the first 15, 30 and 45 min, respectively.
RR for all injuries for each 15‐min period was >1 in the first 45min of
effective gameplay and <1 in the second 45min. Substitutes had a signifi-
cantly earlier ACL injury timing than starters (19.7 ± 20.1 vs. 39.7 ± 24.3 min,
p < 0.001), with high RR in the first 15min (3.21).
Conclusions: More ACL injuries occur in the first 45min of match play;
among substitutes injuries occur 20min earlier than in starters. Higher
match intensity and lack of preparation (e.g., warm up) are likely
explanatory.

Knee Surg Sports Traumatol Arthrosc. 2025;1–12. wileyonlinelibrary.com/journal/ksa | 1

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
© 2025 The Author(s). Knee Surgery, Sports Traumatology, Arthroscopy published by John Wiley & Sons Ltd on behalf of European Society of Sports Traumatology,
Knee Surgery and Arthroscopy.

Abbreviations: ACL, anterior cruciate ligament; ANOVA, analysis of variance; ATT, attacker; DC, direct contact; DEF, defender; IC, indirect contact; LFJ, landing
from jump; MID, midfielder; NC, non‐contact; RBAK, regaining balance after kicking; RR, relative risk.

https://orcid.org/0000-0002-4925-4031
mailto:matthew.buckthorpe@stmarys.ac.uk
https://wileyonlinelibrary.com/journal/ksa
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fksa.70161&domain=pdf&date_stamp=2025-10-28
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INTRODUCTION

Reducing injury burden is of upmost importance for the
medical and performance team in football (soccer) due to
the financial and team performance implications of injury
burden [20, 22, 32]. Anterior cruciate ligament (ACL)
injuries are a major issue for football teams and the play-
ers which experience them. They are career threatening
injuries, even at the elite end of football [48, 51], with high
injury burden (∼100 days per season) [15, 16] and high
recurrence rates [8, 12]. They also negatively impact
player performance and career longevity [2, 39, 48].

An understanding of injury epidemiology and ae-
tiology is crucial in designing injury risk mitigation pro-
grammes [40, 47]. In recent years, several studies have
elucidated the injury mechanisms, situational patterns
and biomechanics of the injury [9, 11, 13, 48]. A gap in
understanding is around the timing of injuries during the
match in relation to the number of minutes played. The
timing of ACL injuries is thought to reflect the extent of
freshness and fatigue of the player. The intensity and
volume of football actions place significant loads on the
lower limb musculoskeletal system and can result in
significant reductions in force capabilities, altered
movement quality, and impaired performance and
decision‐making capacity [5, 7, 14, 21, 37, 42, 43].
While fatigue is often suggested to be implicated in ACL
injuries, as a modifiable risk factor [3], previous research
on match ACL injury timing suggests that cumulative
fatigue is not a risk factor for ACL injury, as generally
more injuries occur in the first half [9, 11, 13, 33]. A
greater proportion of ACL injuries earlier in the match is
suggestive of either ineffective preparation or higher
intensities [11, 38, 41], as the main causative factors.
However, to date the match timing has typically been a
secondary consideration, reported as additional analysis,
and research has not considered if timing of ACL injuries
in elite football varies across player position, for substi-
tutes versus starters, contact mechanism, possession
status or situational patterns. It is plausible that variations
in match timing are apparent for these different variables.

The aim of this study was to more clearly elucidate
the timing of ACL injuries on a large cohort of injuries,
by combining data across cohorts of previously pub-
lished studies [9, 11, 13] extracting information ac-
cording to the player position, whether they started the
match or were a substitute, contact mechanisms,
possession status and situational pattern. It was hy-
pothesised that more injuries would occur in the first

half and with less minutes of effective gameplay. Fur-
ther, we expect divergence in injury timing across
player position, between starters and substitutes,
across contact mechanisms, possession status and
situational patterns, albeit without certainty on direction
of differences.

MATERIALS AND METHODS

Study design and injury identification

This was a subsequent analysis of previously published
video analysis studies of ACL injuries in professional
men's football [9, 11, 13]. Information from the data-
bases of the previously published papers was merged
to provide a new large database of ACL injuries. For
each study, the ‘Quality Appraisal for Sports Injury
Video Analysis Studies (QA‐SIVAS) scale’ [24] was
used and reported a score of 16/18 (excellent) for each
respective study (see Supporting Information: Table 1).

Each study adopted the same methods. To sum-
marise, we adopted a cross‐sectional retrospective
observational study design. We systematically sear-
ched online database resources. For the Italian cohort
[11], injuries were captured across 10 consecutive
seasons (from 2008/2009 to 2018/2019, until Decem-
ber 2018) to identify ACL injuries occurring during
matches in players of Italian first (Serie A) and second
(Serie B) division professional football teams. For the
Spanish cohort [9], injuries were captured across 12
seasons (from 2010/2011 to 2021/2022 until May 2022)
to identify ACL injuries occurring during matches in
players of the two top leagues in Spain, La Liga and La
Liga 2. For the English cohort [13], ACL injuries were
captured across 11 seasons (from 2010–2011 to
2020–2021 until February 2021) to identify ACL injuries
occurring in players on the English Premier and
Championship teams. All studies included domestic
league matches, as well as friendly, domestic and
international cup and national team (Italy, Spain and
England) matches.

Briefly, those studies identified ACL injuries via
Transfermarkt.de (Transfermarkt GmbH & Co. KG,
Hamburg, Germany), following extraction of each
season and team's players list from on‐line databases
(legaseriea.it; legab.it). This methodology has been
validated for injuries identification in professional foot-
ball [30] and adopted by studies on return to play in
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professional football [31, 39]. We supplemented this
search by examining further data sources that may
have been missed, including national and local media.
Injuries were included only when we could corroborate
the injury with official team media reports. Only injuries
involving complete ACL rupture were included.

Video extraction

Match videos were obtained from an online digital
platform (wyscout.com, Wyscout spa, [Genova Italy]).
A cloud tool (Digital Log, Digital Soccer Project S.r.l.
Modena, Italy) was used to process the match videos.
Each ACL injury video was cut to approximately
12–15 s prior to, and 3–5 s post the estimated injury
frame to accurately evaluate the playing situation that
preceded the injury and injury mechanisms. All the vi-
deos we accessed are publicly available, in which data
were treated confidentially, and no personal player
information was accessed. Therefore, ethical permis-
sion was not required [9, 11, 13].

Video evaluation and defining an ACL
rupture

Three reviewers for each of the three studies, all who
are involved sport medicine and orthopaedic rehabilita-
tion practice, with experience of video analysis research,
independently evaluated the videos, using a checklist
(Supporting Information: Table 2). Each video was
downloaded on the personal computer and opened with
the online available software ‘Kinovea’ (KinoveaInk),
before being analysed using an evaluation flow.

For this study, we were interested specifically on the
timing of the ACL injury, and how this may be impacted
by playing position (goalkeeper, defender, midfielder
and attacker), substitution (starter vs. substitute) the
injury contact mechanism (direct, indirect and non‐
contact), possession status (offensive and defensive)
and situational pattern (pressing/tackling, being tack-
led, landing from jump and regaining balance).

Player position was denoted across goalkeeper,
defender (including central defender, right/left back,
wingback and sweeper), midfielder (including defensive,
central and attacking midfielder, right/left midfielder) and
attacker (centre forward, second striker and winger).

In analysis of the videos, the injurious situation was
characterised as defensive or offensive, based on ball
possession and specific playing situation was deter-
mined. A series of views were then used to determine
the injury contact mechanism and situational pattern.
Three categories of injury mechanism were used: (1)
non‐contact, defined as an injury occurring without any
contact (at the knee or any other level) prior to or at
injury frame; (2) indirect contact, defined as an injury

resulting from an external force applied to the player,
but not directly to the injured knee and (3) direct con-
tact, defined as external force directly applied to the
injured knee. Based on previous findings we con-
sidered the estimation of injury frame, as initial contact
(plus 40ms) [9, 11, 13, 25, 26].

In the three studies, the term ‘situational pattern’
was used to determine the playing action and context
of the injury. This was performed for noncontact and
indirect contact injuries only and was categorised into
four main patterns: (1) pressing/tackling, (2) being
tackled, (3) landing from jump and (4) regaining bal-
ance after kicking. Any injuries that did not fit those
patterns were categorised as other. In each of the three
studies, the reviewers met for a 1‐day meeting to
achieve consensus on all items regarding injury
mechanism and situational patterns. Disagreements
were resolved via consensus [9, 11, 13]. Prior the
meeting, the intra‐class correlation index between the
reviewers for the initial contact and injury frame was
0.98–0.99 across studies.

Match distribution

For each available injury video, we recorded the phase of
the game when the ACL injury occurred (minute and half)
and the number of minutes played by the ACL injured
player, correcting for substitutions. Only those injuries
with video data, in which the exact moment of the injury
could be determined were included. To allow for com-
parison of injury distribution across categories (e.g.,
player position, contact mechanisms, possession status
and situational patterns), frequency was reported as
percentage observations in each respective time win-
dow. Data for all injuries were reported in both 5‐min
(e.g., 0–5, 6–10, etc.) and 15‐min (e.g., 0–15, 16–30,
etc.) windows, while when categorised across player
position, starting status, contact mechanism, possession
status and situational pattern, data were reported only for
15‐min windows using effective minutes played only.

Statistical analysis

Continuous variables were presented as mean (±stan-
dard deviation) or median (range) as appropriate ac-
cording to variables distribution. Normal distribution was
verified through the Shapiro–Wilk test. Discrete vari-
ables were presented as absolute numbers and per-
centage on the number of total observations. The
proportion test was used to explore possible differences
in the distribution of ACL injuries between match halves.

The relative risk (RR) of sustaining an ACL injury in
the different 15‐min windows (time periods) was com-
puted. RR > 1 indicated a greater risk of sustaining the
injury in a time period than the equal distribution, while
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RR < 1 indicated a lower risk. The chi‐squared test
within contingency tables was adopted to compute the
differences in injury risk across the six‐time windows for
the following factors: player position, starter versus sub-
stitution, ball possession, injury mechanism, situational
pattern. When significant differences were observed,
single 2 × 2 contingency tables with Bonferroni correction
for p‐value were computed. The one‐way analysis of
variance (ANOVA) and the independent t‐test were
adopted to inspect differences in effective minutes played
for the same factors, according to the number of features.
Post‐hoc comparisons with Bonferroni correction for
p‐values were performed in case of significant differ-
ences in the ANOVA. Partial eta squared and Cohen's d
were reported as effect size measure accordingly. Multi-
variate linear regression analysis was computed to in-
spect the effect of the factors on minute of effective
gameplay of ACL injury occurrence. Factors with nega-
tive (–) regression coefficients β contributed to an earlier
injury occurrence. An alpha less than 0.05 denoted sta-
tistical significance. Microsoft Excel 2016 (Microsoft,
USA) and Stata 12 (Statacorp, Texas, USA) were used
for all the statistical analyses.

RESULTS

Three hundred and sixty‐nine ACL injury videos with
identifiable time via video analysis were included.
Injuries across leagues are documented in Supporting
Information: Table 3. There were 214 (58%) injuries to
the right and 153 (42%) injuries to the left ACL, with
205 (56%) injuries to the dominant kicking leg and 162
(44%) to the non‐kicking leg (two unknown injuries).
There were 308 primary ACL injuries and 61 re‐injuries
(28 contralateral native; 28 ipsilateral graft re‐injuries;
five tertiary ACL injuries). Video footage was available
and identifiable for situational pattern and injury
mechanism analysis in 367 cases (99%).

All injuries

More injuries occurred during the first (n = 216, 59%)
than second (n = 153, 41%) half (p < 0.01) (Figure 1a).
The highest 5‐min periods were 26–30 and 41–45min,
with 8%, but three other periods with similar (7%),
11–15, 36–40 and 56–60.

(a)

(b)

F IGURE 1 Distribution of anterior cruciate ligament (ACL) injuries throughout the match according to match minute and specific 5‐min time
zone/period (a) (n = 369) and minutes of effective playing time (b) (n = 368). Dashed lines represent the linear trend line.
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When reporting injuries for effective match minutes
across 5‐min periods, 11–15min was the highest (9%),
with similarly high (8%) 5‐min periods of 16–20, 26–30
and 41–45 (Figure 1b).

When reporting according in 15‐min periods, there
was a gradual increase in injuries across the first half
(18%, 20% and 21% for each 15‐min period, respec-
tively, Figure 2a), with a consistent but lower proportion
across each 15‐min periods of the second half
(13%–14%). When considering the minutes played,
correcting for substitutions, 87 (24%), 167 (46%) and
246 (67%) ACL injuries occurred in the first 15, 30 and
45min, respectively (Figure 2b), with the highest
15‐min period being 0–15min. RR for all injuries for
each 15‐min period was >1 in the first 45min of
effective gameplay and <1 in the second 45min, with
the first 15min having an RR + 42% (1.42; Table 1).

Player position

Injuries occurred in 14 (4%) goalkeepers, 129 (36%)
defenders, 120 (33%) midfielders and 100 (28%) at-
tackers. There was no significant difference in timing of
ACL injuries between positions (Table 2, p = 0.218). RR
for all outfield players was overall >1 in the first 45min
of effective gameplay and <1 in the second 45min.
Attackers (1.68) and midfield (1.45, although the
30–45‐min period was similar, RR, 1.40) players had
their highest RR in the first 15min and defenders (1.58)

in the second 15‐min period of effective gameplay.
Goalkeepers had their highest RR (2.18) in the final
15min of effective gameplay, in which 36% of goal-
keeper injuries occurred (Table 1 and Figure 3).

Starter versus substitute

ACL injuries occurred in 330 starters and 39 substi-
tutes. Substitutes had a significantly earlier ACL injury
timing than starters (19.7 ± 20.1 vs. 39.7 ± 24.3,
p < 0.001, Table 2). The RR for substitutes in the first
15min (3.21) was substantially higher than all other
periods (<1.21). 78% of all substitute injuries occurred
in the first 30min of effective gameplay. RR for starters
was overall >1.21 in the first 45min of effective ga-
meplay and <0.80 in the second 45min, but with the
highest RR being in the 30–45‐min period (1.37,
Table 1).

Timing and contact mechanism

We categorised 55 (15%) direct contact, 153 (42%)
indirect contact and 157 (43%) non‐contact injuries.
There was no difference in average timing across
contact mechanisms (p = 0.217, Table 2). Both indirect
and non‐contact had RR > 1 for the periods in the first
45min and RR < 1 for all periods in the final 45min
(Table 1).

Timing and possession status

More injuries occurred in defensive (n = 234, 64%) than
offensive (n = 132, 36%) situations (p < 0.001), with no
difference in mean ACL injury time between groups
(p = 0.263, Table 2). RR for defensive and offensive
injuries was overall >1 in the first 45min of effective
gameplay and <1 in the second 45min (Table 1).

Timing and situational pattern

Situational patterning was performed for indirect and
non‐contact injuries only (n = 310). We categorised 271
injuries (87% of all indirect and non‐contact injuries)
across the four main situational patterns: (1) Pressing/
tackling (n = 147, 47%); (2) being tackled (n = 55, 18%);
(3) landing from jump (n = 37, 12%); and (4) regaining
balance after kicking (n = 32, 10%). The other 39 (13%)
injuries were classified as other and not presented.
There was no significant effect of situational patterns
on ACL injury timing (p = 0.445, Table 2). Pressing/
tackling and regaining balance after kicking both had
RR > 1 for each period in the first 45 min, and RR < 1 for
each period in the final 45min. Pressing/tackling had

(a)

(b)

F IGURE 2 Distribution of anterior cruciate ligament (ACL)
injuries throughout the match according to match minute and specific
15‐min time zone/period (a) (n = 369) and minutes of effective playing
time (b) (n = 368). Dashed lines represent the linear trend line.
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consistent RR values across each of the three 15‐min
periods in the first 45 min of effective gameplay (RR,
1.43–1.47). The last 30min of effective game time
represented low risk (RR, 0.45). Regaining balance
after kicking had a high RR in the 15–30‐min period
(1.74) and very low RR in the final 15min (0.39).
Landing from a jump had a differing profile with the
highest RR 15–30min (1.78). Being tackled had its
highest RR in the first 15min (1.75), but with a second
peak in the 60–75‐min period (1.31). All other periods
were <1 (Table 1).

Regression model

Regression models showed significant interaction for
effective gameplay (R2 = 0.06, p < 0.001). Being a
substitution player and being an attacker were signifi-
cantly associated with an earlier occurrence of ACL
injury during the game (20.6 min earlier for substitution

compared to starters, 14.7 min earlier for attackers
compared to goalkeepers, Table 3).

DISCUSSION

The main findings of the study were that more injuries
occurred in the first half (59%) than second half (41%)
and 24%, 46% and 68% of injuries occurred in the first
15, 30 and 45min of effective gameplay. Player posi-
tion for all outfield positions showed a similar trend to
the typical pattern, except for divergence for goal-
keepers (50% of injuries in first 45 min of effective ga-
meplay), with attackers experiencing an earlier ACL
injury than goalkeepers. Substitutes experienced an
earlier ACL injury than starters. Mean timing of injuries
was not affected by contact mechanism, possession
status or situational pattern, although there was some
divergence in RR across differing 15‐min periods of
effective gameplay.

TABLE 1 Relative risk (RR) for minutes of effective gameplay according to relevant match and injury factors.

Minutes of effective gameplay
0–15 16–30 31–45 46–60 61–75 76–90+

All 1.42 1.30 1.29 0.73 0.68 0.57

Possession status

Offensive 1.45 1.14 1.23 0.68 0.68 0.82

Defensive 1.41 1.36 1.33 0.77 0.69 0.44

Starter‐substitution

Starter 1.21 1.26 1.37 0.80 0.71 0.64

Substitution 3.41 1.30 0.65 0.16 0.49 0.00

Injury mechanism

Non‐contact 1.49 1.57 1.22 0.65 0.61 0.46

Indirect contact 1.37 1.14 1.18 0.86 0.63 0.82

Direct contact 1.42 0.76 1.85 0.65 1.09 0.22

Position

Goalkeeper 0.86 0.86 1.29 0.43 0.43 2.14

Defender 1.16 1.58 1.35 0.74 0.60 0.56

Midfielder 1.45 1.15 1.40 0.75 0.70 0.55

Attacker 1.68 1.26 1.14 0.78 0.72 0.42

Situational pattern

Pressing/tackling 1.47 1.47 1.43 0.73 0.45 0.45

Being talked 1.75 0.87 0.76 0.55 1.31 0.76

Landing from jump 0.97 1.78 0.81 0.97 0.49 0.97

Regaining balance after kicking 1.16 1.74 1.16 0.58 0.97 0.39

Note: RR > 1: greater risk of sustaining the injury in a time period than the equal distribution; RR < 1: lower risk.
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This study provides strong evidence that more
injuries occur in the first half of the match and first
45min of effective match play. Two of every three
injuries occurred in the first half, with two‐thirds (67%)
in the first 45min of effective match play. This finding
supports previous research [9, 11, 13], providing strong
confirmation of evidence on a large sample of ACL
injuries (n = 369). An earlier ACL injury occurrence in
the match suggests that cumulative fatigue throughout
match play is unlikely a major risk factor for ACL inju-
ries. Instead, factors associated with earlier aspects of
match play including lack of physical preparedness
[11], intensity of engagements/match play [21, 38, 41]
and freshness (as opposed to fatigue) may be more
important. This does not indicate that cumulative fati-
gue is not implicated in ACL injury aetiology, as some
injuries latter in the match could have been fatigue
impacted, but instead that accumulated fatigue
throughout match play is unlikely the main factor

associated with all ACL injuries. It is plausible there are
differing aetiology for different ACL injuries. ACL inju-
ries are considered complex [4, 46], and interrelations
of multiple risk factors likely explain their causation [4].
It is likely that early ACL injuries occurring after shorter
game time are associated with lack of preparation (a
mismatch in preparation and game intensity), as well as
higher game intensity in general, while injuries later in
the match were more fatigue implicated. Importantly, as
an experimental model, timing of ACL injuries during
the match is considered indirect evidence for the role of
fatigue. It does not mean that those who got injured
later in the match, experienced high levels of fatigue,
and indeed fatigue resistance is highly individual
[10, 19, 44, 50] and impacted by training status [44].
Furthermore, this approach does not consider acute
fatigue, which is a transient reduction in performance/
function because of intense anaerobic activity [8, 37]. It
is plausible that at the time of injury in the earlier
periods, that while players were fresh (i.e., not experi-
encing accumulative fatigue because of match play),
they may have been experiencing acute fatigue
because of intense engagements at that moment.
Further research documenting the potential of acute
fatigue at the time of injury is warranted. Additionally,
this experimental approach does not consider residual
fatigue between matches, or more chronic fatigue (e.g.,
over‐reaching and over‐training) [36] because of mul-
tiple matches, which could still be implicated in those
injuries occurring earlier in the match. The high inten-
sity and volume of football actions (e.g., accelerations/
sprints, decelerations and change of directions, jump
and lands and tackles) leads to declines in neuro-
muscular function at the end of match play, which can
take 72 h to recover from [10]. Research to examine the
role of residual and chronic fatigue in ACL injury ae-
tiology is also warranted. Previous research for football
injuries, and other pathologies, suggests that acute
spikes in training load (indicative of overload and
potential over‐reaching state) [36] is associated with
footballing non‐contact injuries [6, 17, 35], and the
role of training load in ACL injury causation needs
elucidating.

This is the first study to consider player position and
timing of ACL injuries. The similar timing of ACL injuries
for outfield players suggests similar aetiology between
positions, although further research to document posi-
tional influence on injury mechanisms and playing
context is warranted. While goalkeepers reported an
elevated number of injuries towards the end of the
match (36% in the final 15min), it is unlikely due to
‘physical’ fatigue, as match outputs are typically low
versus outfield players [49]. It is plausible, mental fati-
gue may have been implicated [1], potentially impacting
decision making, although game context, such as the
score, and activity are more likely. The overall number
of goalkeeper ACL injuries was low (n = 14). The low

TABLE 2 Differences in minutes of effective gameplay according
to relevant match and injury factors.

Minutes of
effective
gameplay p value

Effect
size

Starter‐substitution <0.001 0.83a

Starter 39.7 ± 24.3

Substitution 19.7 ± 20.1

Injury mechanism 0.217 0.008b

Non‐contact 35.2 ± 23.6

Indirect contact 40.1 ± 25.8

Direct contact 37.9 ± 24.0

Position 0.218 0.012b

Goalkeeper 49.7 ± 26.8

Defender 37.9 ± 23.7

Midfielder 37.9 ± 25.2

Attacker 35.2 ± 24.3

Possession status 0.263 0.12a

Offensive 39.5 ± 26.5

Defensive 36.5 ± 23.5

Situational pattern 0.445 0.013b

Pressing/tackling 33.1 ± 22.4

Being talked 39.1 ± 26.1

Landing from jump 41.6 ± 26.2

Regaining balance
after kicking

38.1 ± 24.5

Abbreviation: ANOVA, analysis of variance.
aCohen's d (t‐test).
bPartial eta squared (ANOVA).
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(a) (b)

(c) (d)

(e) (f)

F IGURE 3 (See caption on next page).

8 | TIMING OF ACL INJURIES DURING ELITE MALE FOOTBALL MATCHES

 14337347, 0, D
ow

nloaded from
 https://esskajournals.onlinelibrary.w

iley.com
/doi/10.1002/ksa.70161, W

iley O
nline L

ibrary on [20/02/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



proportion of goalkeeping injuries likely reflects the
movement demands of this position, involving fewer
high intensity decelerations and change of directions,
and more vertical jump‐landings actions [49].

Perhaps the most important finding from this paper
was the earlier injury timing of substitutes versus
starters. Substitutes were injured 20min earlier on
average than starters. The first 15min of effective ga-
meplay was very high for substitutes (3.21), in relation
to starters (1.21). It is likely the much earlier ACL injury

timing for substitutes was associated with lack of
physical, mental and technical/tactical preparation.
Research suggests that substitutes operate at a higher
physical intensity than other players around them, by
using an all‐out running strategy [23], knowing that they
do not need to pace themselves for the full match,
potentially like starters. As such, we suggest a mis-
match in physical preparation and game intensity
amongst those players injured. Further research doc-
umenting potential differences in ACL mechanisms,
situational patterns, neurocognitive errors and bio-
mechanics between starters and substitutes would
further benefit our understanding of ACL injury aetiol-
ogy in football. Further consideration of warm up
practices of substitutes may be necessary to mitigate
injury risk. Even when factoring in the impact of sub-
stitutions, starters still had 64% of injuries in the first
45min of effective gameplay (down from 68% when
including substitutes).

Contact mechanism did not impact ACL injury timing.
There was slight deviation in the shape of the time
curve, with differing RR across which likely reflect game
context (e.g., more direct contact injuries during periods
of expected intense physical engagements) [41].

Possession status seemed to have minimal influ-
ence on the timing of ACL injuries, with both defensive
and offensive injuries being more prevalent in the first
45min of effective match play. This likely relates to
minimal deviation in timing across situational patterns
(see below), as most defensive injuries are pressing/
tackling and most offensive injuries are typically being
tackled. If situational patterns show similar trends to
each other, then possession status likely reflects this.
Of note, offensive injuries had a higher proportion of
injuries in the final 15min (14%, RR, 0.82) than
defensive injuries (7%, RR, 0.42), suggesting the final
period of the match, offensive ACL injuries are more
likely, at least when comparing to defensive injuries.
This may relate to a slight increase of indirect contact
injuries and landing from jump (see below) in this
period, potentially due to aerial challenges in the
final minutes of the match. Further work considering if
this was score related (e.g., the losing team more likely
to experience injuries), as well as how the score at the
time of injury would provide further insights into ACL
injury causation.

While the average timing of injuries did not differ across
situational patterns, there was some deviation in RR
between 15‐min periods in the match. Pressing/tackling

TABLE 3 Regression model describing the interaction
between minutes of effective gameplay and relevant match and
injury factors.

Minutes of effective gameplay
adjusted‐R2 = 0.06, p < 0.001

Metric β 95% CI p value

Intercept (H1) 58.1 [40.9–75.4] <0.001

Possession status

Offensive Ref

Defensive −11.6 [−25.7 to 2.6] 0.108

Starter‐substitution

Starter Ref

Substitution −20.6 [−28.9 to −12.3] <0.001

Injury mechanism

Direct contact Ref

Non‐contact −4.9 [−14.9 to 5.1] 0.334

Indirect contact −0.3 [−8.2 to 7.7] 0.949

Position

Goalkeeper Ref

Defender −11.6 [−25.7 to 2.6] 0.108

Midfielder −10.6 [−25 to 3.9] 0.151

Attacker −14.7 [−29.1 to −0.3] 0.046

Situational pattern

Pressing/tackling −3.8 [−14.7 to 7.1] 0.495

Being talked −3.3 [−13.8 to 7.1] 0.529

Landing from jump −0.7 [−12.1 to 10.7] 0.905

Regaining balance
after kicking

0.7 [−10.7 to 12.0] 0.910

Abbreviation: CI, confidence interval.

F IGURE 3 Injury distribution as a percentage of injuries according to effective game minutes played, separated into 15‐min window periods
according to (a) all injuries (n = 368); (b) starters (n = 330) vs. substitutes (Sub, n = 38); (c) player position including goalkeeper (GK, n = 14),
defender (DEF, n = 129), midfielder (MID, n = 120) and attacker (ATT, n = 100); (d) contact mechanism, including direct contact (DC, n = 55),
indirect contact (IC, n = 152) and non‐contact (NC, n = 157); (e) Possession status, starters (n = 330) and substitutes (n = 38); possession status,
defensive (n = 234) and offensive injuries (n = 132); and (f) situational pattern for indirect and non‐contact injuries only including, pressing/
tackling (Pressing, n = 147), being tackled (Tackled, n = 55), landing from jump (LFJ, n = 37) and regaining balance after kicking (RBAK, n = 32).
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and being tackled had their highest RR in the first 15min
(although it was similar throughout the half for pressing/
tackling), while landing from jump and regaining balance
both had their highest RR in the second 15‐min period.
This could relate to game context, as teams battle to
impose themselves on the match, with intense pressing
and tackling in the first 15‐min period [41].

Pressing/tackling showed a consistent high RR
throughout the first half and low RR in the second half,
suggesting the first half is particularly risky. Nearly half
(47%) of the indirect and non‐contact ACL injuries are
pressing/tackling and as such understanding the ae-
tiology of this pattern is important. Only 29% of press-
ing/tackling injuries occurred in the last 45min of
effective gameplay. This suggests these injuries are
influenced by game intensity injuries and potentially
due to lack of preparation or player/game awareness.
Pressing actions indicative on many ACL injuries in
football involve high intensity horizontal deceleration
actions [9, 11, 13]. Research has shown there is
a second half decline in the distance spent decelerating
at moderate and high intensities [21]. This may mean
players are exposed to less inciting situations in
the second half thereby reducing injury risk. This would
suggest that ACL injuries are more associated with
higher intensity pressing/tackling actions. Pressing
injuries are often non‐contact in which players display
neurocognitive errors often in response to a deceiving
action [18]. As the game progresses, its plausible play-
ers better understand the opposing players and make
less errors in decision making, although further research
is warranted. This would suggest that game and
opposing player understanding, as well as neurocogni-
tive processing speed, including the ability to dismiss
irrelevant information [45, 49, 50], may be implicated.
We are moving beyond the concept that ACL injuries are
biomechanical only phenomena and recognising the
importance of match context [9, 11, 13, 18].

A key strength of this study is the large sample size
(n = 369) being the largest study using video analysis of
ACL injuries. As such, as well as the valuable insights
around injury timing, the studies also provide strong
confirmation around contact mechanisms, possession
status and situational patterns at the time of ACL injury
in football players. The limitations around these as-
pects of the study, subsequently have the same limi-
tations as our previous work [9, 11, 13], which revolves
around the retrospective collection of injury data, using
the publicly available Transfermarket service, as
opposed to gold‐standard approach, of prospective
data collection and contact with the team [34]. How-
ever, as our key focus for this study was injury timing,
as opposed to time loss, this impacts this work mini-
mally. Furthermore, video analysis of injuries has some
known limitations. However, these are largely associ-
ated with limitations of two‐dimensional video analysis
of kinematics during injurious events, not being gold‐

standard [25, 26, 28, 29]. We did not report kinematics
in this study, and video analysis is a valid tool for
studying the injury context (e.g., mechanisms and
playing situations) [27, 28]. Strengths of the study lie in
our approach to systematic video analysis from the
previously published cohorts [9, 11, 13], including sys-
tematic investigation and use of three video raters in
each study. A key strength specifically for this study
relates around accuracy of the injury timing information.
As opposed to relying on publicly available information,
we included only those injuries in which we had access
to injury video footage and was able to determine the
exact minute of the injury. Furthermore, we controlled
for effective gameplay, by considering the number
of minutes player, correcting for substitutions. As such,
this more closely reflects match minutes played as
opposed to the minute of the match, thereby providing
stronger insight into freshness vs. fatigue. Timing of
injuries as an experimental approach lacks scientific
rigour. While this goal is in some way to elucidate the
importance of accumulative fatigue, we did not docu-
ment the extent of fatigue. Likewise, most insights
relating to game context (e.g., intensity, physical ac-
tions) are speculative based on game understanding
from previous research. Future research could con-
sider the extent of work performed by the player prior to
the injury, as well as considering game intensity at that
moment, as opposed to only time played. This would
provide greater insight into the potential role of fatigue
and/or work and game context in ACL injury aetiology.

CONCLUSIONS

More ACL injuries occur in the first half, with two‐thirds
in the first 45min of effective gameplay. Starters and
attackers experience earlier injuries, with similar timing
across contact mechanisms, possession status and
situational patterns. These earlier injuries likely reflect
higher intensities earlier in match play or a mismatch
between player preparation and match intensity. En-
suring players are conditioned for game intensity and
appropriately prepared for match play (e.g., warm up
strategies) is important.
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